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Strachan group application areas-

Nanoelectronics & energy
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Materials with unprecedented properties
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A new class of composite

Modify the underlying energy landscape to achieve desired
properties
Epitaxial integration of dissimilar materials
* Force them to have the same in-plane lattice parameter
* (Can one stabilize thermodynamically unstable states
Can we break away from standard bounds of composite design?
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NiAl alloys

*Disordered Ni Al , (x>=0.61)
*Martensitic transition and shape memory

DEVELOPMENT OF NiAl(B2)-BASE
SHAPE MEMORY ALLOYS
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Fig.1 Phase diagram of the Ni-Al system,




NI, Al,_, martensitic transformation
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Austenite: cubic B2

Martensite: monoclinic structure
(similar but not identical to the
experimental 14M structure)

Morrison, Cherukara, and Strachan, Acta
Materialia 69 30-36 (2014).




NIAl alloys and metamaterials
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Mechanical properties of pure phases

NiAl (E= 40 GPa)
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Ultralow stiffness materials
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Defy composites design rules

Epitaxial integration
stabilizes negative stiffness
states
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Defies traditional composite
design bounds
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Fully dense metal with ultra-
low stiffness (reaching
~2GPa)

Works for different
configurations and
interatomic potentials

PURDUE Reeve, Bellisiotis, Strachan, Nat. Comm. (accepted with minor changes)
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Beyond F=ma

* Length and timescales achievable
* Rare events
e Effect of microstructure

* Lack of explicit description of electrons

e Thermal conduction in metals
e Electrochemical reactions
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Carbon fibers: processing-properties
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Fig. 15. Structure changes for PAN precursor during carbonization
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kMC + MD to mimic carbonization

Compute
Interatomic
Distances (r)

|

Compute possible
Improper Angles (0)

Equilibration

/ Probability (q)/
CREATE BOND «

Step 3
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The birth of a carbon fiber

e Distance cutoff =4.5 A° e Distance cutoff =5.0 A°

* Angle cutoff < 20° * Angle cutoff < 20°

* Temp = 300K * Temp = 300K
PURDUE P




Good agreement with experiments
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Desai et al. Carbon, under review.
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Resistive switching memory

Electrochemistry metallization cells
e Switching times in the nanoseconds
e Scalability down to the nanometer scale
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Dynamics with implicit degrees of freedom
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Other variables may play important roles:

* Internal degrees of freedom in coarse grain simulations
* Conduction electrons in simulations of metals

* Electrochemical potential in EMCs

Key features of DID

eTotal energy (meso + internal) is conserved Strachan & Holian, Phys. Rev. Lett. (2005)
ec.m. velocity is conserved Lynch, Thompson, & Strachan, MSMSE, (2009)

) ) ) Zhou, Anglin, Strachan, J. Chem. Phys. (2009)
*Galilean invariant Lin, Holian, Germann, Strachan, J Chem. Phys,
. L. . .. . 18
eCorrect description of the ballistic regime (2014)




Sample DID applications

Shock wave propagation
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Modeling electrochemical reactions

Cu Electrode (WE)

SiO.
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reactive MD simulations

Total electronic energy: E({ql-};{Ri}) = E x'q; + %quf + quiquﬂRi —~ Rj|)

Electronegativity equilibration:

PURDUE
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Electrochemical potential equalization

Application of an external electrochemical potential by modifying the
local atomic electronegativity




EChemDID at work

* Reactive interatomic potentials enable chemical reactions
* Charge transfer using charge equilibration (Qeq)
 EChem-DID: external voltage affects atomic electronegativity

Local electrochemical potential Partial charges




Atomistic simulations of switching
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Mechanism of switching

1. FORMING: Cluster formation
2. FORMING: Reduction stabilizes dissolved Cu

3. RESET: Filament breaks near inactive electrode

4. SET: Filament attached to active electrode dissolves
PURDUE 5 SET: cluster formation & reduction **
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Online simulations using nanoHUB

Developed & operated by the Network for Computational Nanotechnology
Supported by the US National Science Foundation

every year, 16,000+ simulation users per year

nanoHUB usage
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16,000+ annual
simulation users

0OF2 performs physical co
microstructures, starting

nanoHUB Simulation Users

12 Trailing and Monthly
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Tools designed for end users

ttps.//nanohub.org/tools/nanomatmech

Nanomaterial mechanics explorer
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e Tool outputs stated at the outset

e Powerful visualization

e Experts can customize the simulation




Your tool ... more powerful In nanoHUB

e Automatic UQ available for all Rappture tools
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Jupyter notebooks in nanoHUB

lul  Dashboard View: | </>

1. PolymerModeler
(Rappture)
e Amorphous builder

Calculate Tg using nanoHUB PolymerModeler and LAMMPS

By Ben Haley, Purdue University

Import libraries and setup LAMMPS

2. nglview
import subprocess as sp . .
e Visualizer

sys.path.append('/apps/share64/debian7"')
from hubwf import RapptureTask

import nglview
from ipywidgets import Label, VBox

3. LAMMPS
e Molecular dynamics

import hublib.use
tuse lammps-15Mayl5

sys.path.append('/home/nanchub/strachan’)
from Tgcalc import getVDT, getVDTdata, getTg_BL, getHyperb

import matplotlib.pyplot as plt
tmatplotlib notebook

Setup PolymerModeler variables
Setup monomer, number of monomers per chain and number of chains.

PolymerModeler uses Configurational Bias Continuous Monte Carlo to build relaxed polymer structures

taskl = RapptureTask( 'polym
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Connecting to other infrastructures
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nanoHUB -KIM collaboration

Knowledge of Interatomic Models
NSF Cyberenabled Discovery & Innovation
Ellad Tadmor, Ryan Elliot, J. Sethna

KI M M Od e|S KIM Models (interatomic potentials and force fields) are software packages for

describing atomic interactions that can be used with a variety of simulation codes,
including LAMMPS, DL_POLY, IMD, ASE and GULP, that are compatible with the KIM

Click on an element in the periodic table for which you need an interatomic model. AP! standard.

1 1
0 Models 28 Models

Vv Ni Cu
Nb u I Pd Ag
Ta : r t Au

Db t Vit Rg




Explore KIM potentials & run MD

OpenKIM Explorer

Simulate | new input parameters

KIM object type: | Models

OpenKIM Explorer

Elements: [Enter element symbols here Explore the OpenkIM repository and use it to drive LAMMPS

Run LAMMPS with results of query: @ mm |no
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